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Abstract 


Thesis Title: “Cu-Catalysed enantioselective [2,3]-sigmatropic rearrangement: its applications and organocatalysed total synthesis of (+)-duryne, heptadeca-1-ene-4,6-diyne-3S,8R,9S,10S-tetrol and their congeners”

	The contents of thesis are put together in three chapters, Chapter I, exemplify the enantioselective carbon-carbon bond formation via oxonium ylide generation and subsequent [2,3]-sigmatropic rearrangement by employing a C2-symmetric chiral auxiliary. Further, the rearrangement product was utilized in the synthesis of functionalized medium-sized oxacycles and carbocycles. Chapter II, deals with validation of natural product ‘heptadeca-1-ene-4,6-diyne-3,8,9,10-tetrol’ by synthesizing heptadeca-1-ene-4,6-diyne-3S,8R,9S,10S-tetrol and its three stereoisomers through a unified, flexible approach. Chapter III, describes organo-catalysed total synthesis of (+)-duryne by three-component coupling followed by two-directional synthetic strategy.
Chapter I: Highly enantioselective carbon-carbon bond formation by Cu-catalyzed asymmetric [2, 3]-sigmatropic rearrangement: Application to the syntheses of seven-membered oxacycles and six-membered carbocycles.

	Oxonium ylides are reactive species which readily undergo the Stevens rearrangement, β-hydride elimination, and [2,3]-sigmatropic reorganization. Current evidences suggest that metal bound intermediates rather than free oxonium ylides are the product-forming species in some of these reactions. In most cases, however, the intermediates exhibit reactivity profiles similar to those expected of free oxonium ylides, and so they can be regarded as direct equivalents of free oxonium ylides. The catalytic bis-oxazoline Cu-catalyzed asymmetric [2,3]-sigmatropic rearrangement of diazoacetate derived from allyl-substituted 1,2-benzenedimethanol resulted in the product with 65% ee, thereby restricting the further applicability of this reaction. The erosion in enantioselectivity appears to be due to the flexible conformations of the 11-membered oxonium ylide transition state, leading to the product in only moderate enantioselectivity. We reason that steric and electronic factors, which may stabilize oxonium ylide conformation and its subsequent [2,3]- sigmatropic rearrangement, could lead to highly enantioselective carbon–carbon bond formation. 
To this end, we have examined the C2- symmetric diol tethered with diazoacetate and methoxy cis-butene 1a as a test substrate. The precursor 1a was prepared in three steps from (1R,2R)-1,2-diphenylethane-1,2-diol. The Cu(CH3CN)4PF6 catalyzed (5 mol%) reaction of 1a in DCM at reflux temperature led to a diastereomeric mixture of 2a and 3a in a 6 : 4 ratio (syn : anti) but the diastereomeric excess was found to be high (2a, 99.8% de and 3a, 99.8% de). Along with 2a and 3a, 15% of 4a was also isolated. Significantly, in contrast to the previous reports, no trace of intramolecular cyclopropanation product was observed in this transformation (Scheme 1).

Scheme 1
The diastereomers 2a and 3a were separated by silica gel column chromatography and their stereochemical assignment was established by the vicinal coupling constant to the proton on the methoxy-substituted carbon (Janti 5.7 Hz > Jgauche 3.2 Hz) as well as NOE studies. In 2a, the presence of strong NOEs (He–Hd, Hd–Hb, Hb–Hi) and a weak NOE of He–Hb indicates that these are in the same plane (Fig. 1). Additionally, a medium range NOE between Hf and OMe confirms that Ha and Hb are in cis conformation. Whereas, in 3a, the presence of an NOE (Ha–Hf) and (Hb–Hi) indicates that these protons are nearer, and the absence of an NOE (Hf–OMe) shows that they are in opposite planes, and hence, Ha and Hb are in trans conformation. The de values of 2a and 3a were determined by chiral HPLC analysis in comparison with a racemic mixture. The major syn isomer 2a and minor anti isomer 3a showed > 99.8% de (figure 1).

Figure 1
The stereochemical outcome of products 2a and 3a could be rationalized on the basis of the oxonium ylide transition state of the corresponding 2a* and 3a*, wherein the C2-symmetric 1,2-diphenylethane serves as a template for the formation of highly enantioselective C–C bond formation (Scheme 2). 

Scheme 2
To identify the role of migrating group of allylic ether in the [2,3]-sigmatropic rearrangement of allylic oxonium ylides further, we prepared the substrates 1b–d and subjected them to the same protocol (Scheme 3). The corresponding results with relevant discussion are given in this chapter. 

Scheme 3
Further, we have envisioned the products derived from [2,3]-sigmatropic rearrangement (Scheme 4) could be conveniently elaborated to the synthesis of medium sized oxacycles and carbocycles. To this end, 2a was converted to a diol by LAH reduction in THF, and subsequent protection of the primary alcohol as the TBDMS ether was followed by removal of the chiral auxiliary in liq. NH3 at -78 oC which led to 5.

Scheme 4
The resulting primary alcohol 5 was protected as the benzyl ether 6, and subsequent PTSA- assisted cleavage of the TBDMS group furnished 7. Allylation of primary alcohol 7 with allyl bromide using NaH in THF afforded 8 (86%). A one-pot RCM/dihydroxylation sequence followed by acetonide protection of 8 resulted in 9 and 10 (6 : 4) as separable diastereomers in 60% yield. Similarly, the diastereomers 11 and 12 were achieved from 3a using an identical sequence of steps as above (Scheme 4).
With a notion to prepare functionalized carbocycles, 7 was subjected to oxidation to give 13 in 90% yield. A catalytic allylation of 13 led to 14 as a separable diastereomeric mixture (8:2) in 61% isolated yield. The major diastereomer 14 was separated through silicagel column chromatography and was subjected to ring-closing metathesis (RCM) reaction employing a Grubbs second generation catalyst, furnishing 15, which has an option for further elaboration by means of various addition reactions. The diastereomer 16 was generated from 7’ following an identical sequence of steps as above (Scheme 5). The discussion belonging to this along with analytical data is given in this chapter. 

Scheme 5
In conclusion, we have accomplished a concise enantioselective route for the synthesis of functionalized scaffolds of medium-sized oxacycles and carbocycles employing a chiral auxiliary-mediated Cu-catalyzed ylide formation/[2,3]-sigmatropic as a key step.
Chapter II: A Flexible Organocatalytic Enantioselective Synthesis of Heptadeca-1-ene-4, 6-diyne-3S,8R,9S,10S-tetrol and their Congeners.
	The conjugated diynes with successive hydroxylated stereogenic centers are a common structural motif in many acetylenic natural products. These compounds represent a unique class of compounds with an interesting array of biological activities, such as antibacterial, antimicrobial, antifungal, anticancer, anti-HIV, and pesticidal properties. The relative stereochemistry at the triol system (C-8, C-9 and C-10) was estimated as [8α, 9α, 10β] by the method proposed by Higashibayashi et al for contiguous polyols. But the relative stereochemistry was not assigned at C-3 stereogenic centre.
To validate the putative structure 17 proposed by Ramo’s et. al, we intended to develop a unified, flexible alternative strategy for the synthesis of the tetrols 18-21 (Figure 2). 


Figure 2 Heptadeca-1-ene-4,6-diyne-3,8,9,10-tetrol diastereomers
Synthesis of sec-allyl alcohol compound (S)-26
	By employing a proline-catalyzed α-aminoxylation strategy the sec-allyl alcohol (S)-26 could be accessed.18 Accordingly, the reaction of propanal 22 with nitrosobenzene in presence of L-proline (cat) at ambient temperature resulted in labile α-aminoxy aldehyde, which was reduced to α-aminoxy alcohol 23 in 65% yield.  Then, subsequent reaction with CuSO4 (cat) afforded the required diol 24 in 92% yield. The conversion of diol 24 to epoxide 25 was achieved by tosylation of primary alcohol followed by treatment with K2CO3 in methanol. Then, opening of epoxide 25 with dimethyl sulphonium methylide provided the enantioenriched sec-allylalchol, (S)-26 in 85% yield (Scheme 6). 
  

Scheme 6
Synthesis of terminal acetylene compound 32
	The sec-allylalcohol, (S)-26 was converted as TBDPS ether 27. Then oxidative cleavage of 27 led to an aldehyde and subsequent Z-olefination with known octyl triphenylphosphonium bromide resulted in 28 in 62% yield. Then, cis-hydroxylation of 28 

Scheme 7
was achieved under the Upjohn conditions and the resultant diol was protected as acetonide to give 29 as separable mixture with 9:1 diastereomeric ratio. The terminal acetylenic functionality was installed by a four step sequence. Consequently, the compound 29 was subjected to oxidative cleavage of MPM group and the resulting alcohol 30 was oxidised by using DMP in DCM and subsequent transformation of crude aldehyde using the Corey-Fuchs protocol provided the corresponding alkyne 31 78% yield (over three steps). Removal of the TBDPS group with TBAF gave 32 in 94% yield (Scheme 7).
Synthesis of (5-bromopent-1-en-4-yn-3-yloxy)(tert-butyl)dimethylsilanes (S)-34 and (R)-34
	To synthesis enantiopure (S)-33, we considered Lipase PS catalyzed kinetic resolution of alcohol (±)-33. Thus, the reaction of alcohol (±)-33 in the presence of vinylacetate in hexane with 0.3 mass equivalents of Lipase PS at ambient temperature resulted in acylated compound (R)-33 in 35% yield with 98% optical purity leaving enriched (S)-33 in 36% yield with 98% optical purity estimated by Mosher method (Scheme 8).
 
Scheme 8

Scheme 9
After the protection of alcohol (S)-33 as its TBS-ether followed by one-pot procedure involving deprotection of TMS and subsequent bromination led to the desired (S)-34 in 92% yield. Correspondingly, the enantiomers (R)-33 in presence of K2CO3 in MeOH gave TMS and acetyl deprotected sec-allyl alcohol followed by bromination as above led to the desired (R)-34 in 78% yield (Scheme 9).
Synthesis of final diastereomers 24 and 25
	Having obtained advanced intermediates (S)-34, (R)-34 and 32, we proceeded for their coupling and further, considered synthesis of both 35 and 36 to ascertain the relative configuration at C-3. Initially, TBDPS ether 31 and (S)-34 were subjected to Cadiot-Chodkiewich conditions (CuCl/NH2OH.HCl/EtNH2) but no trace of expected coupled product was observed. Whereas, corresponding alcohol 32 and (S)-34 under otherwise identical conditions as above led to the target compound 35 which was subjected to acid catalyzed deprotection of acetonide and TBS group furnished the desired molecule 18 in 44% yield (Scheme 12).

Scheme 10
Correspondingly, the diastereomer 19 was generated by coupling (R)-34 with 32, making use of Cadiot-Chodkiewich conditions and subsequent acid-catalyzed deprotection. When, the spectral data of isomer 19 was compared with natural product 17 and it did not match. 
Synthesis of terminal acetylene compound 44
	Next, to generate stereochemical diversity, we explored the synthesis of E-allylic alcohol 37 from a common intermediate (S)-26. Consequently, we considered to conduct cross metathesis between (S)-26 and 1-nonene using the second generation Grubbs catalyst. To our delight, the required E-allylic alcohol 37 was generated (E/Z, 95/5) in 81% yield. The secondary alcohol was converted as TBDPS ether followed by oxidative cleavage of MPM group gave an inseparable mixture of primary alcohol 38 and 4-methoxybenzaldehyde. 
Scheme 11
The aldehyde was converted to alcohol, to give pure 38. Oxidation of primary alcohol under the Swern conditions furnished aldehyde which was converted to corresponding acetylene using the Corey-Fuchs protocol to give 39 in 74% yield. Fluoride ion induced deprotection followed by catalytic asymmetric dihydroxylation led to the desired critical intermediate 40 in 36% yield (Scheme 11).
Synthesis of final diastereomers 20 and 21
	Cadiot-Chodkiewich coupling of triol 40 with (S)-34 resulted in diynetriol 41 with moderate yield (58%) following the previously described conditions. Then, acid catalyzed deprotection of TBS group furnished 20 in 85% yield. Correspondingly, the diastereomers 21 was generated by coupling (R)-34 with 40, making use of Cadiot-Chodkiewich conditions and subsequent acid-catalyzed deprotection (Scheme 12).
Unlike the natural product, compound 20 was not soluble in CDCl3, hence, the 1H and 13C NMR spectra has recorded in CD3CN. At this juncture, the exact comparison is not possible between the spectral data of 20 and 17, while the spectral data of isomer 21 was not in agreement with that of reported in the literature, i.e. natural product 17. Since the all possible isomers syntheses led to the conclusion that the proposed structure, indeed, impose to be relooked. The detailed discussion of this synthesis with pertinent analytical data is given in this chapter.

Scheme 12
Conclusion
In conclusion, we have developed an efficient unified stereochemical diversity-oriented synthesis of 18, 19, 20 and 21 through the tactical application of established chemistry. The salient features of this concise synthesis are (i) the genesis of chirality through an organocatalytic reaction; (ii) the consecutive hydroxyl motif were generated from the same synthone which inturn was accessed by two catalytic reactions with perfect stereocontrol and a predictable relative stereochemistry. 
Chapter III: Organocatalytic Enantioselective Synthesis of (+)-Duryne.
	Recently, Wright et al. reported the isolation of duryne 43 from marine sponge Cribrachalina dura which inhibits the growth of a number of in vitro tumour cell lines. Interestingly, in all of the previous syntheses of (+)-duryne, the stereogenic centers were ensured by means of enzymatic kinetic resolution of respective racemic substrates. In this chapter we have described the organocatalytic enantioselective total synthesis of (+)-duryne. 

Figure 3
Synthesis of C-12 carbinol 48
	Our initial interest is focused on synthesis of terminal olefin C-12 carbinol 48. Then, diol 44 were subjected to monobromination 45, followed by protection of primary alcohol to its TBS ether to give 46. Base induced dehydro bromination of 46 and subsequent cleavage of silyl group secured 48 (Scheme 13).

Scheme 13
Synthesis of compound 48
	The secondary allylic alcohol of (S)-26 was protected as its MOM ether 49 and execution of cross metathesis reaction between 49 and tethered alcohol olefin 48 using 10 mol% of second-generation Grubbs catalyst was smoothly delivered 50 in moderate yield. After considerable experimentation, by varying stoichiometry of coupling partners of 48 and 49, resulted in 50 good yield (76%) with a E/Z ratio 9/1. 

Scheme 14
Synthesis of Wittig partners 55 and 57
	Having obtained compound 50 in substantial amount, we proceeded to generate two crucial intermediates. Accordingly, IBX oxidation of 50 furnished the aldehyde 51 in 90% isolated yield. On the other hand, the primary alcohol of 50 was converted to iodo compound 52 by reacting iodine and triphenylphosphine in the presence of imidazole in 95% yield. Refluxing the corresponding iodo compound 52 with triphenylphosphine in acetonitrile resulted in the Wittig salt 53 which was used further without purification (Scheme 15).

Scheme 15
With fragments 51 and 53 in hand, we sought conditions for Wittig reaction to access the symmetrical Z-olefination. Thus, the reaction of 51 and 53 in presence of base (NaHMDS) in THF at 0 oC led to 54 as a sole detectable isomer in 60% yield. Oxidative deprotection of MPM resulted in diol 55 with 85% yield. The terminal acetylenic functionality was installed by a two step sequence. Consequently, the diol 55 was subjected to oxidation 

Scheme 16
using DMP in DCM and the resulting crude aldehyde allowed reacting with Bestmann- Ohira reagent under basic conditions in MeOH to give MOM protected C2 symmetric (+)-duryne 56. Finally, rather straight-forward deprotection of MOM group with acidic reagents had given us cause for apprehension. Eventually, 56 to (+)-43 transformation was achieved using PTSA.H2O in MeOH at ambient temperature in 70% yield. The spectral and optical data (+)-43 were in full agreement with reported in the literature (Scheme 16) and all these details with supporting data are given in this chapter. 
Conclusion
In conclusion, we have developed a concise enantioselctive route for the synthesis of natural product duryne. The salient features of this concise synthesis are (i) the genesis of chirality through an organocatalytic reaction; (ii) the two critical intermediates were generated from same synthone which inturn accessed by two catalytic reactions. 
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